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A pulsed laser system and method of operation. 

© A pulsed laser system (500) capable of operating m a 
plurality of modes for delivering a burst of laser pulses to a 
target (506) wherein the pulse width of the laser pulses are 
automatically controlled in response to the mode selected. 
A special calibration procedure allows the system to deter- 
mine the pulse width and purse repetition rate when the laser 
(200) is producing a predetermined power, output level as 
measured by a power meter at the target site. Using cali- 
brated pulse width and pulse repetition rate, the pulse width 
and pulse repetition rate of the laser pulses to be delivered 
to the target (506) for any particular treatment burst can be 
determined. 
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Our Ref.: T 826 EP , 

Case: V-620,344-Q June 12 ' "85 

BRITT CORPORATION 

California/ USA 

A POLSED IASER-.SYSTBM * ND METHOD DP OPERATION 

The present invention relates to a pulsed 

5 clT c llT em ' m ° re particu1 *^ to a control 

cxrcuxt for providing variable pulse width control 
signals to the laser to control its output 

Prxor art pulsed lasers use an LC pulse 

to 0r ^lT° rk C ° nneCted t0 an ° de ° f the tube 

to store the energy for the laser pulse, a trigger 

cxrcuit applies a triggering pulse to a coil 

wrapped around the laser tube which ionizes the 

argon gas within the tube. This provides a 

dxscharge path for the energy stored in the pulse 

formxng network through the laser tube to the 

cathode causing the tube to lase. However, the 

the 3 "" 111 15 by thS LC —ant of 

the P FN The pulse repetition rate is controlied 

by the triggering pulses, but the pulse width 
remains fixed. 

as irid«" n - Perf0rminSr Perfo " ti °» Procedures such 
as xrrdotomres, it is desirable to provide a finite 
number of hi g h po „ er pulses >iih pMa . termlne f 

suohV »»« Perforin, themal procedures 

such as cessation, it is desirable to provide 
near cw tube operation at relatively low power 

nTre "t^ * °* ~- ^th 

delivered T T' *° C °" tr01 ^ ™™ 
delrvered. A pulse width which is fixed and 

optrmxzed for perforation procedures will not in 

general be opt^ed for coagulation procedures 
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It is desirable, therefore, to provide a 
pulsed laser which provides laser pulses with pulse 
width and repetition rate which vary over a 
relatively wide range. 

When using pulsed lasers in a therapeutic 
laser system such as in the treatment of the eye r 
it is also desirable to determine the energy and 
energy density delivered to the eye during 
treatment. Because the power of the laser output 
is adjusted by varying pulse width and repetition 
rate it is also highly desirable to simplify the 
requirements of the operator's inputs when using 
the variable pulse width pulsed laser by providing 
automatic determination of optimum pulse width. 

Finally, it is highly desirable to reduce 
operator fatigue encountered in lengthy treatment 
procedures. 

The present invention is directed to a pulse 
laser system including a control circuit for 
generating control signals for a .laser to control 
the output thereof - The control circuit 
automatically determines the pulse width of the 
control signal in response to operator input 
including mode selection. 

The control circuit includes a microprocessor 
controller and a counter circuit which has three 
counters. The first counter controls the pulse 
repetition rate as determined by the 
microprocessor. A second counter generates pulses 
in response to the output of the first counter, 
each pulse having a pulse width as determined by 
the microprocessor. The exposure time, i.e. the 
number of pulses in a laser- output burst, can be 
controlled by a third counter which counts the 



output of the first counter down from a preloaded 
count determined by the microprocessor. 

In the preferred embodiment multi-vibrator 
circuits are coupled intermediate the output of the 
second counter and the laser input to limit the 
maximum repetition rate and pulse width of the 
control signals. 

Calibration means are provided for 
determining the pulse repetition rate and pulse 
width of the laser output when the laser output is 
set at a predetermined output level as measured by 
a power meter located at the target site. At the 
same time means for determining the energy 
delivered to a target such as the retina of the eye 
during any given treatment is calibrated. 

The spq£ size of the laser is variable and 
means are provided for determining the area of to 
the spot size. In response to this and the 
determination of energy delivered, the energy 
density can be determined. 

The present invention also relates to a 
method of operating a pulsed laser system to 
deliver the laser output to a target which system 
is capable of operation in a plurality of modes. 
After the operator selects the proper mode the 
system generates a periodic series of control 
pulses by setting a first counter to generate the 
proper repetition rate, and a second counter to 
generate the proper pulse width in response to the 
output of the first counter. When a preset 
exposure time is selected by the operator, the 
system automatically preloads a third counter with 
an exposure time count which counts the output of 
the first counter down to zero. 
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When the system is on but not delivering 
treatment, a low power aiming beam (narrow pulse 
width and low repetition rate) is provided. The 
system repeatedly reloads the third counter before 
it counts down to zero to keep the aiming beam on 
continuously. 

When operating in the perforation mode, the 
system automatically sets the second counter to 
produce 120 microsecond pulses* In the coagulation 
mode the operator selects the power level desired 
and the system automatically selects a pulse width 
of 30 microseconds and changes the repetition rate 
signal by adjusting the first counter until the 
power level selected is attained. However, the 
system will not lower the repetition rate below a 
predetermined minimum, e.g. 50 Hz. Once 50 Hz is 
reached, the system begins reducing the pulse width 
to attain the selected power setting. 

The present invention is also directed to a 
pulse laser system comprising a power switching 
circuit for providing drive signals to a pulsed 
laser to generate a burst of laser pulses suitable 
for a particular treatment. The burst is generated 
in response to a series of control signals which in 
turn are generated by a control circuit which sets 
the pulse repetition rate, pulse width and exposure 
time of the control signals. 

A treatment switch such as a foot pedal or 
other suitable means is movable between off and on 
positions for causing the control signals to be 
applied to the laser thereby generating the burst 
of laser pulses. Means are provided for 
automatically repeating the burst of laser pulses 
at a predetermined interval which the treatment 
switch remains in the on position. 
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Brief Description of the Drawing . 
FIG. 1 is a block diagram schemafcic Qf 
prior art pulsed laser. 

FIG. 2 is a block diagram schematic of an 
5 improved pulsed laser. 

FIG. 3 is a more detailed schematic of a 
switching portion of the improved pulsed laser of 
r±fc. 2. 

FIG. 4 is a representation of a switching 
signal output of a portion of _ the ^ 

FIG. 5 is a simplified block diagram of ? 
portion of an ophthalmic laser system. 

FIG. 6 is a simplified block diagram of a 
cont ro i circuit portion of an ophthalmic laser 
system shown coupled to a laser. 

con* T IG ' 7 13 3 d6tailed ^presentation of the 
control panel portion of FIG. 6. 

*-h* FIG * 8 " 3 m ° re detailed block diagram of 
counter circuit portion of the control circuit 

the hardware' JLT^ ^ ° f 

of PIG 6 er P ° rti0n ° f thS COnt ~l Circuit 

operation o> fl ~ Chart ~* 

presZt 6 ° phthalmic ^ S er system of thl 

^or^ 011 e modes of 

Dr .„ F1G * 1 13 a hematic representation of a 

eathod! ™T 3 Mr tUie 102 "a^ing « 

cathode 106 and anode 104. A voltage V f r l 
voltage eonrce 108 ls applied t<j J ^ ^ 
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and anode 104 through a pulse forming network (PFN) 
110, An inductor 112 and diode 114 are placed in 
series between the voltage source 108 and one 
terminal of PFN 110. The laser 100 further 
comprises a trigger circuit 120 coupled to a wire 
coil 122 which surrounds tube 102. For an example 
of a" "pulsed gas laser with radiation coupling, see 
U.S. Patent No. 3, 626 , 325. 

The PFN 110 is a conventional LC filter 
arrangement comprised of inductors and capacitors. 
By selecting properly the inductance r L, and the 
capacitance, C r the pulse width of the laser pulse 
can be defined. However , once the PFN 110 is 
designed , the pulse width becomes fixed. 

The PFN 110 stores a fixed amount of energy 
from voltage source 108. When the trigger circuit 
120 applies a voltage pulse across coil 122, the 
argon gas within tube 102 is ionized. The ionized 
gas provides a pathway through which the energy in 
the PFN 110 can discharge from tJie cathode 106 to 
anode 104 causing the laser to lase until the 
energy in the circuit is depleted. The PFN 110 
begins to store energy once again but it will not 
discharge until the trigger circuit pulses the coil 
again. The pulse width of the laser output pulse 
is fixed and determined by the LC constant of the 
PFN 110 while the triggering circuit 120 determines 
the pulse repetition rate of the pulses. The pulse 
repetition rate can be varied by the triggering 
pulses, there being a limit on the maximum rate 
determined by the design of the PFN 110. 

Fig. 2 is a schematic representation of a 
pulsed laser designated generally 200 and suitable 
for use as the laser 200 in FIGS. 5 and 6. It 
comprises the tube 10 2 of FIG . 1 with cathode 106, 



anode 104 and voltage source 108. it further 

2l7a r nd Se , S h a P ° Wer transist - -itching circuit 

210 and the trigger circuit 120 with coil 122 of 

, IZ \ P ° Wer switchi *9 circuit 210 replaces 

- r rr: sr. - « 

width laser output pulses. Slnce the puUa 

repetition rate is also determined by the switch!,, 
10 circuit 210 y switching 

time " Sr ° irC,lU 120 is P°l=ed one 

time to lonlze the and therMf - 

continuous « . lower po „ er ^ ^ , J » 

There ere severe! critical requirements that 
the power switching circuit 210 must meet The 

I" ^ atillty t0 ™° * PUl e 

"rath laser. output. The range of pulse width 

^ -end that when UsL^ ^^T'^ - 
perforation procedure, such es an iridotomy a 
series of pulses each with . pulss . Midth J' V 
--e=onds performs well, when performing a 
coagulation procedure, a relatively rapid pulse 

* ^7^*^" T SMller PUlSS ""-s/such es 
0 microsecond pulse widths, are desirable The 30 

veriable pulse ^Ir^^^ — - 
to 120 microseconds. Secondlv X - 30 ■■"»»•—*■ 
- circuit 210 must be cepeb^r 'pre id^err" 9 

cur":: 1 / 6 : 9 - " «- ^ser tube 102 " 

during lasmg. The cnrronf < ^ 

-pedance of the tube"Ta n d V**"" 1 - ° f the 
tuba v . . . ' voltage across the 

35 four olm TyP1Ca " y ' «" -Peaance of the tube is 
tour ohms resistive and the voltege is' 500 volts 
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Finally, it is desirable to use a pulsed 
transformer to drive the power transistor because a 
transformer provides a sharp pulse termination with 
a negative going voltage at the pulse trailing 
5 edge . 

Fig. 3 is a detailed schematic of the power 
switching circuit 210 of Fig. 2. The circuit 
comprises of ferro resonant transformer circuit 
designated generally 300 comprising a first pair of 

X0 primary coils 302 and 304 coupled to input 

terminals 301 and 303 via a switch 306; a second 
set of primary coils 308 and 310 wound oppositely 
from the first primary pair and coupled to the 
input terminals; a pair of secondary coils 312 and 

15 314; and iron cores 316 and 318. The secondary 

coils 312 and 314 are in series and are coupled to 
three parallel power transistor output circuits 
designated generally 322, 324, and 326. 

It is the function of the transformer circuit 

20 300 to provide switching signals to the transistor 
circuits with a variable pulse width in response to 
pulsed control signals applied to switch 306. To 
drive the transistor circuits a 6V 15-20 amp 
switching signal is required. As mentioned earlier 

25 the pulse width must be variable over at least a 30 
microsecond to 120 microsecond range. 

The maximum pulse width of the output from 
any transformer is a function of the voltage and 
time. A transformer that is pulsed will saturate 

3 0 at some fundamental limit of the transformer . For 
example, a pulse transformer suitable for a pulsed 
argon laser system will saturate at a 30 
microsecond pulse width. To double the pulse width 
a pair of primary windings 302 and 304 and 

35 associated secondary windings 312 and 314, 
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respectively, are used. This halves the voltage 
across each winding and doubles the overall pulse 
width to 60 microseconds before saturation occurs. 
It is possible to double the pulse width again to 
5 120 microseconds by recognizing that the 

ferroresonant transformer follows a magnetic 
hysteresis curve. If it is repeatedly pulsed in a 
unipolar direction only one half the hysteresis 
curve is being used before the core saturates and 
) hence the pulse width is one half of what is could 
be if the entire hysteresis curve were utilized 
The core saturates in one direction but is never 
driven into saturation in the reverse direction 
between pulse intervals because no reverse energy 
xs ever applied to the winding. 

In the present invention, a 50 volt potential 
is constantly applied to the input terminals 301 
and 303. While switch 306 is open the 50 volts is 
applied through 50 ohm resistor 320 to the second 
pair of primary windings 308 and 310. This biases 
the cores 316 and 318 into saturation in one 
direction. Remember the windings 308 and 310 are 
wound oppositely from the primary windings 302 and 
304. When it is desired to apply a pulsed control 
signal to the transistor switching circuit 210 to 
pulse the laser, switch 306 is closed for the 
duration of the desired pulse width and the 50 
volts is applied to the windings 302 and 304 
Because the cores 316 and 318 were driven into 
saturation in one direction by windings 308 and 
310, when the control pulse is applied to ijae 
switch 306 it takes twice as long to drive the 
-res 316 and 318 into saturation in the direction 
of the first pair of primary windings 302 and 304 
Thxs doubles the pulse width. Hence, a range of " 



pulse widths from less than 30 microseconds 
duration up to pulse widths of 120 microseconds are 
possible with the arrangement of FIG. 3. 

All of the transistor circuits are identical 
and only circuit 322 will be described in detail. 
Circuit 322 comprises a Motorola MJ10016 power 
transistor 330. The base of the transistor is 
coupled through a pair of diodes 332 and 33 4 and a 
0.10 ohm resistor 336 to an output terminal 337 of 
the secondary winding pair 312 and 314. The 
emitter of the transistor 330 is coupled through a 
0.02 ohm resistor 338 to the remaining output 
terminal 339 of the secondary winding pair. The 
collector is coupled to the cathode of the laser 
tube and also through diode 340 to the resistor 
336. Finally the base is coupled along an 
alternate path through diode 342 to the resistor 
336. 

The collector diode 340 and one of the base 
diodes of pair 332 and 3 34 simulate a transistor 
coupled to transistor 330 to form a Darlington 
transistor circuit* As is well known in the art, 
the second transistor (in this case the power 
transistor 330) is kept from saturating by the 
action of the first transistor (in this case the 
diode pair 340 and either 332 or 334) . This 
results in quicker^ switching action when the 
transistor circuit is turned off. 

The base diode 342 decreases the switching 
time at turn off by removing stored base charge 
when the input pulse goes negative. 

As mentioned above, the tube 102 typically 
draws 100 amps, varying between 90 and 150 amps. 
Transistor 33 0 is driven with a forced current gain 
of approximately 10 . The f erroresonant transformer 
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provides a 6V 15-20 amp base drive signal. The 
collectors of eaoh of the transistors of circuits 
322, 324, and 326 are combined at point 350 which 
is coupled to the cathode 106. The 
therefore able to meet the tube's current 
requirements. 



35 



It is highly desirable in a pulsed 

10 advantage of the pulsed transferer drive is that 
as the rnput voltage is shut o« the output voltage 

shut off the transistors. However, too deep a 

15 -'ZTr VOlta9S COUld da, " age t—i-tor « 

C ratrOUei ' This is ^PUshed using the 
75 ohm resistors 360 and 362 whioh are in ' " 

»th the priory windings 302 and 304, 
respectively. The „ ln „ Qf these „ 

,„... „ e turn off response of the 

transistors is also aided by the diode 342 for 
removal of stored base charge. 

5 switch™' r ™ nin9 £r0 ™ the ^sister 

o"te ubTha's 0 : ZZ'T* bMrd " 
. r Ciated tCCirT ^ hlgt 

= rrtstto 1 ;:^: 

- voltage transient is crttedTthe "eVd^ 13 '' 

»S. To remedy this a oll D ■ = 3 "' 324 M ° 

uprising diode 332 ana * """" 3 °° 

across the outol I capaoiter 384 is provided 
output of circuits- 322, 324 and 326 
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The energy from the transient is stored in 
capacitor 384 which then bleeds off the energy 
slowly during the inter pulse intervals to the main 
power supply capacitors. By positioning a small 
5 compacitor (0.1 microfarad) on the transistor 
circuit circuit board close to the transistors,, 
little inductance is associated with the clamping 
circuit itself and the transient is deflected from 
the transistors. 

10 FIG. 5 is a simplified block diagram of an 

ophthalmic laser system designated generally 500. 
Laser light from a laser such as the laser 20 0 
enters the focusing lense assembly 502 onto aiming 
mirror 504 and then to the target 506. Target 506 

15 in FIG. 5 depicts a conventional light intensity 
meter which measures the intensity of the laser 
light incident thereon. This is used during the 
laser calibration procedure but normally, for - 
ophthalmic lasers, the target is a human eye. 

20 Aiming mirror 504 is pivotable and is controlled by 
the doctor by handle 510. 

Focusing of the laser beam to control spot 
size as it impinges on the target surface within 
the eye is extremely important. Spot size is 

25 controlled manually by the doctor by turning 

knurled knob 520. Turning of this knob controls 
the spacing between lenses 522 and 524 within the 
lense housing 530. When the knob 520 is turned one 
way or the other the lenses are caused to move 

30 toward or away from another in the directions of 

the double arrow. Such an arrangement of lenses is 
well known in the prior art. In the present 
invention spot size is variable from 50 to 1500 
microns . 
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A portion of the laser beam is split off by 

b : a : SP ltter 514 directed to impinge on " 

Photocell 516. Photocell 516 generat P e / a H 

m response thereto which is related t„ «. h 
5 of the u eiated to the power 

or the laser beam and which is used bv the 
to determine the power or . computer 
to rho * Snergy ac tually delivered " 

±o the target during a burst or treatment 

bW SyStem fUrth6r a 

are well known in the art c * SS 
Comoro- , s « for example Britt 

corporation's Model is? n^h*.u ■. • " 

52 Ophthalmic Laser. The 

"I ; r c ° B n : f rols : ir±ng ° f the — ^ • 

15 beam which rit T 9 ^ ^ ^ 

size ZT P ° Wer ^ ^e spot 

size appropriately for the procedure The i 
system 500 while on is in «L ^ 
the doctor fires the laser TheTV^ UnlSSS 
see into the eve at «, * " aBle to 

20 k • e at the same time that the l aser 

*° beam is refl P rf a ^ ^, -Laser 

employe, to block ^uTS^T ■ ! * 0,m ' *" 
doctor's eye to th. 1 m the 

laser. * ^ -ring firing of the 

25 

=u=h as iaser " 7 T " Sh °™ C ° a * M to , User 
■ controi panel „ ' . f T"^ 1 Ci ~»" a 
30 Processor con JoUer S o7 ' "° iCr °- 

controUer 60, i„ „ f '° m <^"«' 

»9 the varxous .nodes of operation of the 
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laser system. ,It represents the operator command, 
interface to the laser system. In general the 
operator commands are entered by depressing an 
appropriate button on the panel. The control panel 
is really a custom made keyboard and the commands 
are digitized and transmitted via bus 610 to the 
microprocessor controller 604 where they are 
interpreted and ultimately converted to signals 
which set or load counters in the counter circuit 
606. The counter control signals set the pulse 
repetition rate, pulse width and exposure time of 
the control signals sent to the switch 306- The 
microprocessor controller 604 automatically sets 
the pulse width of the control signals up to 120 
microseconds depending on the mode of operation. 
The power switch 702 turns on a slit lamp. The 
brightness of the slit lamp (not shown, but a 
conventional device used wjith the biomicropscope 
540 to illuminate the eye so the operator can see) 
and the panel illumination are controlled by knobs 
704 and 706, respectively. The operator can select 
either the coagulation or perforation modes via 
buttons 708 and 710, respectively. These modes 
will be discussed in more detail hereinafter. In 
the preferred embodiment, the laser system is 
capable of operating an argon or krypton laser 
generating three colors: blue/green; green; or 
red. The color desired is selected by a button in 
the area 712 of the panel. 

The exposure time for any particular 
treatment can be selected at location 714 and 
displayed in display area 716. When in the 
coagulation mode the power can be varied at 
location 720 while in the perforation mode, the 
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and displayed at location 724. 

When the laser system is on and between 

S desltT ^ Pr ° dUCeS " ^ — as 

5 descried earlier. The intensity of the ai* b!L 

can be varied at location 726. ' 

the x bea „. The relationsh P «» -f 

slit 1^ / S " eaSUred *or each mode! 

available. The plotted V " co ""-"i«"y 

» ;° 0 " a9e - *» *** f Splayed at location 

oaHb„T- USer SySteI " iS Capable °* ^i„, 
Cam"t 3 Pr ° CeSS " be hereinafter 
73 ^ "tin" by P«-in, the button 

area T^tHJ^ * ^ 7 " ^ 

to display various parameters such a. 
cumulative eneroy (to be descr ^ ™* « 
P=»er, pea* po „er ; and tube pressure 

5 d a e r i7 "* 7 " - ~C P=»er 

aelrvered and the avera g e power entered' £ . give „ 
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burst of laser pulses delivered for a coagulation 
treatment . 

Before discussing the modes of operation of 
the laser system in more detail reference is made 
5 to FIGS. 8 and 9. The control signals are 

generated by the counter circuit of FIG. 8. In 
response to the operator commands and mode 
selection via panel 602 r the microprocessor 
controller 604 automatically determines the proper 
10 pulse width and sets counter 802 appropriately. 

Microprocessor controller 604 also sets counter 804 
to produce the proper pulse repetition rate and 
loads counter 806 with an exposure time count. The 
exposure time count is displayed at display 
15 location 718. 

The counters 802 and 804 operate in response 
to a one MHz clock provided via lead 808. Counter 
804 provides periodic output signals at the pulse 
repetition rate set by the microprocessor. Counter 
20 802 in response to each output signal from counter 
804 generates a pulse with the proper pulse width 
which is transmitted via lead 612 to the hardware 
limiter circuitry 608. 

The output signals from counter 804 are also 
25 sent to counter 806 which counts them down from the 
count loaded therein by the microprocessor. When 
zero is reached counter 806 automatically stops 
... counter 804. 

The functions of all three counter circuits 
30 as shown in FIG. 8 are provided by proper 

connection of an INTEL 8253 integrated circuit. 

The hardware limiter circuitry as shown in 
some detail in FIG, 9 limits the maximum pulse 
width (no greater than 120 microseconds) and 
35 maximum repetition rate (not to exceed 3000 per 
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second) . Circuit 60S inciudes a first one shot 

■ Err '~^tvt-- 

tTOm ° na Shot *»< °ne shot 904 provides a 120 

a transistor switch MTj2 is 

802 is combined "rth a 120 J ° UtPUt ° f 

■ . t a Wltn a 12 ° microsecond pulse to 

exceed 120 microsecond even if through some 

the «=rc PTOessor 604 sets I °*™r 

on ly produced at the Hc<« ^ PUJ.se 

of one shot 902 it ~ * ^ ° f ^ ° UtpUt 

time, 0t ° CCUr more th ^n 3000 

tames per second. The circuit of Fir a 
20 the output of fh« 9 contr Pls 

trput of the computer /counter circuit 
~on to Prevent it from peodhola ;^ lM 
rates or Widths which wiu dmga ^ 

The output from AND gate 906 is also ' 

the laser tube 102 , ^ ^ t0 i0nize 

aire** • However, if the tube is 

! :r P d Lt :j^rr glo v ode ' a - «- 
:: is prided : ::i s ::i t ^ e c ™ ■* * ^ 

30 inhibits th. ! 1S ° lat0r Clr c«it 910 which 

Dlts the on e shot 908. Circuit 91 n « 

» — • When the ^^STL^S 
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microprocessor sets and loads the counters in 
accordance with the inputs received from the 
operator through the control panel. One input is 
the exposure time which is provided as a loaded 
5 exposure time count in counter 806. When the count 
reaches zero the laser stops firing until the foot 
pedal 603 is depressed again. In the aim mode the 
beam is continuously on at low power, that is, at a 
low repetition rate and short pulse width as set by 
10 the operator (location 726) and microprocessor 604. 
No foot pedal is depressed. In this mode 
(activated whenever the system is on but during 
pretreatment intervals) the counters 802 and 804 
are set appropriately and counter 806 is loaded 
15 with a predetermined count number. The 

microprocessor is programmed to repeatedly reload 
counter 806 with the predetermined count before the r 
count reaches zero during the aiming mode. If for 
some reason the microprocessor fails, the aiming 
beam will go off automatically when the last loaded 
count reaches zero. 

Referring now to FIG. 10, the operator 
selects either the coagulation mode 1002 or 
perforation mode 1004. In the perforation mode as 
25 explained earlier, it is desirable to provide high 
power pulses. The operator selects the repetition 
rate desired 1006 and the exposure time 1008. The 
microprocessor automatically selects a 120 
microsecond pulse width for high power. The 
30 operator adjusts the spot size 1010 and when ready 
depresses the foot pedal 1011. The microprocessor 
sets counter 80 2 and 804 and loads counter 806 and 
then enables the counters. The control pulses are 
provided to laser 200 which in turn fires the 
35 programmed burst of laser pulses to the target. 



20 
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The coagulation mode operates wit-h 

pulse widths than the perforl\ Smaller 

coagulation mode the o^rllTrTeT 7^' ** 

level 1012 and exposur! V P° Wer 
1U ex Posure time 1013 T f 

5 power settino i« .*»,... tne selected 

g 13 at maximum level 1014 + h » 

microprocessor selects a D „i e •/ 

.„ ects a pulse width of in 

microseconds = OI JU 

power level 1016 Pn , , attain the 

» ^-processor ^rTc^TJT 1 UVelS 

However. «. repetito „ ^ £ »*. 

below 50 Hz 1018 r f „, ! ' be lo »ered 

n= t « tain " d 020 : h :r::r power sstt ^ *■ 

-*c es pulse „ idth l„ 22 ^ -"lessor 

" desired spot size 1010 and 2l the 

The laser system o£ t-h= before, 
equipped with . call Z°* PreSent in -«iou is 
-ode, e light " " lltr " 10n «»« "30. In this 

button 73 2 , then depresses £. ? PUSheS 
adjusts the power s!ttL , PSdal and 

the li 9ht inteoslt; Iter 9 11^°" 
delivered loser power \ a " th " 
» -tti„ g £or exa „ plei ^ 03 P " d ^ned power 

microprocessor then hes th- , The 

... repetition rate setting H * Md 

1 -v setting which provides 

calibrated power level 1036 L 

, ^Jf). For example, 

*°r a particular t^!*™* 

used for treat „ ent ^ output pulses to he 

V P C ^(W) T (PW,) T /(p B , (PRB) 
Where P„ = 7 Wa ^ _ . A c C. 

•* 'Puise widthMpulsV" W " tS " ab °"* ~"o 
**e eouation can £ ' 'T^* P-ducts. 
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(K) (PW) T (PRR) T where K is a constant incorporating 
1/(PW) c (PRR) c . The laser system uses this equation 
to set up the pulse width and repetition rate of a 
burst of laser pulses to meet the power input 
5 selected by the operation in the coagulation mode 
at location 720. Also, using this equation, the 
laser system, for either the coagulation mode or 
performation mode, calculates the average power 
entered for each burst and display it at location 
10 754. 

The output of the photocell 516 is calibrated 
at the same time as Ptv^ and PRR C 1038. The 
calibrated photocell output voltage V c is related 
to ? c . Part of the proportionality is due to the 

15 percentage of power split off by beam splitter 514. 
The average power actually delivered during any 
given treatment (either coagulation or perforation) 
as determined by the photocell voltage can be 
determined from the voltage output of the photocell 

20 during the treatment, V T , from V c and P c - The 

average power delivered during a treatment burst as 
determined from V T , V c and P c is displayed at 
location 752. 

The energy delivered is related to power by 

25 multiplying the average power delivered by the 

amount of time over which the power is delivered. 
The energy delivered for any given burst is 
determined by multiplying the power delivered as 
determined by the photocell voltage and the 

30 exposure time set by the operation at location 714, 
displayed at 716. Cumulative energy for a total 
treatment involving a plurality of bursts is 
determined by adding up the energy delivered for 
each burst. 
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The energy density for each burst is 
determined by dividing 

s ommng the energy delivered as 

deterged above by the spot size as determined b 
the potentiometer voltage 1042 If t Z « * 
» the spot is redueed by I fac J; » ^ ^-ter o £ 

reduoed by a faotor of 4 and t„ " 
increases by a faotor o < ^^J"""* 

r ~- — - -n per^Tpe^::"::; 

=r eoagulation prooedures is very important for 

d p r:a p :i. treat " ent and — - — st^ 

As mentioned earlier, in some treatment 

zt:?™: as in * pan — — 

1* Procedure, ^a" « in'tr 9 "^ 

necessary for tee'o p^i n^ftTfoot J" 
foot pedal and 00t from the 

peaal and then reapply the foot to depress tho 

foot pedal for each fir iha the laser it ™ k 
very tiring % tha „ Xt Can ^come 

9 - or tne operator. Thic «-p 

20 highly undesirable. ' f C ° UrSe ' is 

Referring to PIGS . 7 and 10, the present 

™ : eit :e r T ation - tha *as 

>S =„ ted either the perforation mode 1004 or 

select /° de 1002 ^ MdS ^ «■ 

10 £ T ^ StePS 1006 Md 1008 - "» and 
: button 770 ° Pe r t0r dePreSSeS — 
< b utt 0 0 n n 77 I"" 10 " ^ *"» the set 

0 "hioh is d ; 5D h ! T rat ° r Sele ° tS * ^'arval 

interval is Ii s T ^ *- «" 

enter button 776 T' T d *""" «- 

~ " the re Peat mode is set „ 

Sae steps 1050 and 1052 in FXG. 10. 

opera Jr l d° Wi "' *** " P ° f the «« «*. the 
from Jesses the foot pedal 603 moving it 
from the off position to the on position loll. As . 
long as the foot Dedal fim . 

burst of l remains depressed, the 

• ^ l3Ser PUlses set "P in the perforation 
-de X004 or coagulation mode !002 before the 
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button 770 was depressed will automatically be 
repeated at the interval selected by buttons 772 
and 776, The bursts will continue as long as the 
foot pedal 603 is, depressed by the operator. Of 
course other power control means besides a foot 
pedal could be used, e.g., a manually depressed 
button . 

When the treatment is finished the button 760 
can be pressed and a history of the treatment is 
printed out on a. printer not shown. Above is disclosed 
a pulsed laser system capable of operating 

in a plurality of modes for delivering a burst of 
laser pulses to a target wherein the pulse width of 
the laser pulses are automatically controlled in 
response to the mode selected. A special 
calibration procedure allows the system to 
determine the pulse width and pulse repetition rate 
when the laser is producing a predetermined power 
output level as measured by a power meter at the 
target site. Using calibrated pulse width and 
pulse repetition rate, the pulse width and pulse 
repetition rate of the laser pulses to be delivered 
to the target for any particular treatment burst 
can be determined. Means are provided for 
determining the energy delivered to the target for 
any particular treatment burst. A potentiometer 
coupled to a laser spot size control lense assembly 
provides a signal proportional to the spot size. 
From this signal and the energy delivered, the 
energy density can be calculated. A special REPEAT 
mode allows the operator to repeat automatically at 
preselected intervals the firing of bursts of laser 
pulses characterized by repetition rate, pulse 
width and exposure time. The bursts will be 
repeated for as long as the foot pedal is 
depressed. 
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Claims 



1. A pulse laser system operable in a 
Plurality of modes, and responsive to operator 
selected input parameters including mode selection 
for delivering laser pulses to a target said laser 
system comprising; 

a laser capable of being pulsed in response 
to periodic input control signals; and 

a control circuit responsive to said operator 
selected input parameters for providing said™ 
control sxgnals and for automatically determining 
the pulse width of said input control signals. 

2. The pulse laser system of Claim 1 wherein 
said control circuit comprises: 

a microprocessor controller; 
a counter circuit coupled to said 
microprocessor controller comprising a first 
.counter for generating pulse repetition signals- 
a second counter coupled to said fi rst 

puTe^dt 9enerating a puise w±th * 

Pulse width in response to each of said pulse 
repetition signals; and 

a third counter coupled to said first counter 
sig r nai e s rmin±ng eXPOSUre "~ ° f ~1 

sal(3 3 \ T PUlSS laSSr SyStem ° f Claim 2 "herein 
said control circuit further comprises - 

of , .l lmitiag C±rCuit ™*™ coupled to the output 

repet a ;ti SeCOnd ^ ™^ *h. -ciL - 
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4 • The pulse laser system of Claim 3 wherein 
said limiting circuit means further comprises: 

a first multivibrator ^circuit capable of 
providing output pulses at a rate less than or 
equal to a rpredetermined maximum; and 

a second multivibrator circuit capable of 
providing a pulse of pulse width less than or equal 
to a prede termined maximum in response to each of 
said output pulses. 

5* The pulse laser system of any of Claims 

1 to 4 v.ierein said control circuit further comprises: 

ca -ibration means for determining the pulse 
width a:d repetition rate of said control signals 
when tl*3 laser pulses delivered to the target site 
are se. at a predetermined calibration power level; 
and 

, means responsive to the calibrated pulse 
widti and repetition rate for determining the pulse 
wid -h and repetition rate of a burst of laser 
-pufses -associated with any other predetermined 
pc/er level. 

6. The pulse laser system of any of Claims 1 to 5 
-herein said control circuit further comprises: 

means for determining the energy delivered to 
said target during a burst of laser pulses 
including: 

means for sampling said laser pulses; and 
means responsive to said sampling for 
providing a voltage to said microprocessor which 
voltage is related to the power of said laser 
pulses . 
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7. The pulse laser system of Claim 6 wherein 
said system further comprises: 

means for setting the spot size of said laser 
pulses impinging on said target; 

means for providing an output signal related 
to the spot size; and 

wherein said control circuit further 
comprises means responsive to said output signal 
related to the spot size and said energv 
determination for determining the energy density of 
said laser pulses on said target. 

8. ^e pulse laser system of Claim 7 wherein 
said spot size setting means comprises: 
a zoom lense assembly; and 

wherein said output signal means comprises a 
a P stm\\T ter r0tatablY COUPlSd " — *~ 

9. The pulse laser -system of any of Claims 1 to 8 

wherein said laser comprises: 

a laser tube capable of being pulsed; and 
a power switching circuit coupled to said 

laser tube for providing pulsed drive signals for 

said laser in response to said input control 

signals. 

10. The pulsed laser system of Claim 9 
wherein said laser tube is air cooled. 

11- A method of operating a pulse laser 
system capable of operation in a plurality of modes, 
compr'C^g: 7 aCC ° rdin * to «y of Claims , to 10, 
selecting a mode of operation; 
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generating periodic control signals in 
response to said mode selection to control said 
laser system output, said generating step further 
comprising automatically setting the pulse width of 
said control signals. 

12. The method of Claim 11 wherein said 
generating step further comprises the steps of: 

setting a first counter with a preselected 
repetiton rate signal associated with a pulse 
repetition rate for said laser output; 

setting a second counter with a preselected 
pulse width signal associated with a pulse width 
for said laser output; 

preloading a third counter with an exposure 
time count signal associated with an exposure time 
for said laser output; and 

counting down from said exposure time count 
signal in response to the output of said first 
counter. 

13. The method of operating the pulse laser 
system of Claim 12 in an aiming mode comprising: 

repeatedly reloading said third counter with 
an exposure time count before said count reaches 
zero. 

14. The method of operating the pulse laser 
system of 0 Claim 12 in a perforation mode wherein 
the step of setting the second counter comprises 
the step of automatically setting said counter with 
a pulse width signal associated with a pulse width 
greater than or equal to a predetermined minimum. 
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system 1 ^ r? & ""^ ° f ° peratin * the pulse laser 
system of Claim 12 in a copulation mode wherein 
said method comprises: " 
selecting a desired power level- 

with aUt 7 atlcall y ^ting said second counter 
wxth a pulse width signal associated with a 
predetermined maximum laser out™,, 7 
justing said repetitiv TllTTjl ll ^ 
laser ouput repetition rate to droT o no 

than a predetermined minimum to attain sl d 
level; and ain said power 

" t ; r Mld pulse »"th when said pulse 

deSlred P° wer is reached. 

16. The method of claim 14 wherein „<„ 
predetermined minim™ is . s^s^^Z^O 
microseconds. y 

17. The method of Claim 15 wherein sairi 

Predetermined maximum laser «„- * 

substantially an ' • * PUlSe width is 

cantially 30 microseconds and said 

Predetermined Minimum laser output reoetiH 

*- substantial!, 50 pulses per second ^ 

-thod 'f^Je! °? » " 17 * said 

- JTS^E^ ^ep -of calibrating 

~srsstTt^ °r ut puise width - 

and second counters w^ sa \7l ^ ^ 

t-r, =, „ aid laser output is s< *t- 

to a predetermined power output level. 
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19. The method of any of Claims 11 to 18 wherein 
said methodrfiarther comprises: 

the step of determining the energy d livered 
to. said target by said laser output pulses; 

generating a signal proportional to the spot 
size of said laser output on said target; and 

determining the energy density of said laser 
output pulses on said target in response to said 
energy determination and said spot size signal. 

20. The method of Claim 19 wherein said 
energy determination step further comprises: 

sampling said laser output; 

generating a signal in response to said 
sampling step which signal is related to the power 
in said laser output; and 

multiplying by the time said laser output is 
present. 

21. A pulsed laser system capable of 
operating in a plurality of modes in response to 
selection by an operator for delivering a burst of 
laser pulses to a target r said laser system 

c omp r i s ing r 

a laser capable of being pulsed; 

switching means for providing drive signals 
to said laser to generate said burst in response to 
a series of control signals; 

means for generating said control signals and 
for controlling the repetition rate, pulse width 
and exposure time thereof; 

power control means movable between an off 
position and on position for activating said laser 
by enabling said generating means to apply said 
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control signals to said switching a,eans in said on 
position; and 

burst " ea " S gating said 

^le : aid puises a ^ 

Wh er ein 2 sair e P ° 1SSd laSSr SySten ° f Clai "" « 
pel" P °" er C °° tr01 " eanS C °*^~ - *ot 

wherein'sail^ P " Ued ^ ^"^ ° f " - 22 

Said lasar ^"em is radiation cooled. 
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